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(54) Method for allocating data in a data communication system 



(57) A communications system (30) includes a 
transceiver (42) for transmitting data from a plurality of 
bins. Specifically, the BER of the bins is substantially 
equalized by allocating data by determining a projected 
margin. The projected margin is calculated for each bin 
by subtracting a reference signal-to-noise value from an 
estimated bin signal-to-noise value. The reference sig- 



nal-to-noise value is predetermined by theoretical cal- 
culation or empirical data and stored in a look-up table. 
Bits are allocated to the bin having the maximum pro- 
jected margin. This provides the best BER without 
changing the transmit power. 
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Description 

Cross Reference to Related Applications 

A related application entitled "Method For Fine 
Gains Adjustment In An ADSL Communications Sys- 
tem", by Levin, and having Attorney Docket Number 
SC9001 1 A, is filed concurrently herewith, and assigned 
to the assignee hereof. 

Field of the Invention 

This invention relates generally to communications, 
and more particularly, to a method for allocating data in 
a data communications system. 

Background of the Invention 

In order to make high data rate interactive services 
such as video conferencing and internet access availa- 
ble to more residential and small business customers, 
high-speed data communication paths are required. 
Although fiber optic cable is the preferred transmission 
media for such high data rate services, it is not readily 
available in existing communications networks, and the 
expense of installing fiber optic cable is prohibitive. Cur- 
rent telephone wiring connections, which consist of cop- 
per twisted-pair media, was not designed to support the 
data rates, or bandwidth, required for interactive serv- 
ices such as video on demand or even high speed inter- 
net connections- Asymmetric Digital Subscriber Lines 
(ADSL) technology has been developed to increase the 
effective bandwidth of existing twisted-pair connections, 
allowing interactive services to be provided without 
requiring the installation of new fiber optic cable. 

Discrete Multi-Tone (DMT) is a multicarrier tech- 
nique that divides the available bandwidth of twisted- 
pair connections into many subchannels, or bins. The 
DMT technique has been adopted by the ANSI T1E1 .4 
(ADSL) committee for use in ADSL systems. In ADSL, 
DMT is used to generate 250 separate 4.3125kHz 
subchannels from 26kHz to 1.1MHz for downstream 
transmission to the end user, and 26 subchannels from 
26kHz to 1 38kHz for upstream transmission by the end 
user. The transmission capability of the individual bins 
are evaluated for each connection, and data is allocated 
to the subchannels according to their transmission 
capabilities (the number of bits each bin can support). 
Bins that are not capable of supporting data transmis- 
sion are not used, whereas the bit-carrying capacity of 
bins that can support transmission is maximized. Thus, 
by using DMT in an ADSL system, the transmission 
capability of each twisted-pair connection is maximized 
over the fixed bandwidth. 

Once the transmission capability of a connection 
has been established, the data transfer process begins 
by encoding the data. Data in an ADSL system is 
encoded as a frequency -domain vector set and grouped 
in frames, where a frame represents a time-slice of the 



data to be transmitted. A frame of data is constructed by 
allocating bits based on performance of the individual 
bins. 

Prior to sending real data, the ADSL system needs 

5 to be initialized by specifying how many bits each bin 
will contain. Prior art methods of initializing included 
using an equation. By using an equation approach, the 
result in initialization is subject to suboptimal bit-error- 
rate (BER) performance. Therefore, a method not rely- 

w ing on assumptions of the prior art is needed. 

Because allocation of fractional bits is not possible, 
it is likely that there will be different amounts of excess 
or deficit signal-to-noise ratios SNR. called margin. Dif- 
ferences in margin lead to different BERs for each bin. 

75 These differences in BER s effect overall system per- 
formance. While the SNRs can be equalized for each 
bin by increasing or decreasing the transmit power 
associated with each bin. this is done at the expense of 
the analog front end which needs to be designed for a 

20 specific power requirement. Therefore, a method is 
needed for equalizing the margins, and therefore the 
BER. to obtain optimal system performance, while the 
total aggregate transmit power remains constant. 

During the transmission of real data, its likely that 

25 conditions of the transmission channel will change from 
those during initialization. Variations in frequency 
dependent noise and temperature affect the individual 
bin BER's to different degrees. Therefore, the need 
exists to maintain the BER performance of the system 

30 during transmission. 

Brief Description of the Drawings 

FIG. 1 illustrates, in block diagram form, an asynv 
35 metric digital subscriber line (ADSL) system with 
accordance with the present invention. 

FIG. 2 illustrates, in tabulator form, example refer- 
ence signal-to-noise ratios in accordance with the 
present invention. 
40 FIG. 3 and FIG. 4 illustrate, in flow diagram form, a 
method for bit allocation in the system of FIG. 1 in 
accordance with the present invention. 

FIG. 5 illustrates, in flow diagram form, a method for 
bit allocation in the system of FIG. 1 in accordance with 
45 the present invention. 

FIG. 6 illustrates, in flow diagram form, a method for 
bit re-allocation in the system of FIG. 1 in accordance 
with the present invention. 

FIG. 7 illustrates, in flow diagram form, a method for 
so fine gains adjustment in the system of FIG. 1 in accord- 
ance with the present invention. 

Description of a Preferred Embodiment 

55 Generally, the present invention provides a method 
for allocating bits in the bins of an ADSL communica- 
tions system, and equalizing the BER of the bins without 
substantially increasing aggregate transmit power. In 
particular, the bits are allocated by determining a pro- 
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jected margin. The projected margin is calculated for 
each bin by subtracting a reference SNR value from an 
estimated bin SNR. The reference SNR value is prede- 
termined by theoretical calculation or by empirical data 
and stored in a look-up table. Bits are then allocated to 5 
the bin having the maximum projected margin. This pro- 
vides the best BER without changing the transmit 
power. 

The BER is further improved by iteratively equaliz- 
ing the individual bin BERs. This is accomplished by 10 
applying a fine gains adjustment to the transmit power. 
Specifically, the BER of the bins is equalized by calcu- 
lating an adjustment gain and subtracting the adjust- 
ment gain from the bin currently having the maximum 
margin, and adding the same adjustment gain to the bin is 
currently having the minimum margin. The iterations 
continue until all of the bin margins are within a prede- 
termined threshold. This changes the individual bin 
transmit power levels without substantially changing the 
aggregate transmit power level. Also, the BER is sub- 20 
stantially equalized, without causing the individual 
transmit power levels from exceeding a predetermined 
range, such as the range required by ANSI T1 E1.4. 

FIG. 1 illustrates, in block diagram form, a commu- 
nication system 30 according to the present invention. 25 
Communication system 30 allows simultaneous trans- 
mission of ISDN and ADSL over the same telephone 
line, and includes ADSL central office 40. ADSL remote 
terminal 32. ISDN transceiver 38. and ISDN transceiver 
46. ADSL remote terminal 32 includes ADSL trans- 30 
ceiver 34 and splitter 36. Coupled to ADSL remote ter- 
minal 32 may be a communications device, such as 
television receiver 48. Twisted pair 1 8 couples the ADSL 
remote terminal 32 to the ADSL central office 40. Cou- 
pled to ADSL central office 40 may be a communica- 35 
tions device, such as video server 58. 

ADSL central office 40 includes ADSL transceiver 
42 and splitter 44. Splitter 44 couples ADSL transceiver 
42 to twisted pair 18. and splits received ISDN and 
ADSL signals to the appropriate corresponding 40 
receiver. Likewise, splitter 44 couples transmitted sig- 
nals from both the ISDN transmitter and the ADSL 
transmitter to twisted pair 18. Splitter 44 includes band 
pass filter circuits for isolating the received ADSL sig- 
nals from the ISDN signals, and circuits for combining 45 
the ADSL signals with the ISDN signals for transmission 
over the twisted pair. Splitter 36 functions in the same 
manner as splitter 44. and splits or combines ADSL and 
ISDN signals as necessary. 

Communications devices, such as telephone 52 or so 
computer terminal 50 may be coupled to ISDN trans- 
ceiver 38. Likewise, coupled to ISDN transceiver 46 
may be computer terminal 56 and/or telephone 54. In 
operation, communication system 30 allows simultane- 
ous transmission and reception of ISDN and ADSL sig- ss 
nals on twisted pair 18. ADSL transceiver 34 transmits 
an upstream ADSL signal across twisted pair 18 to 
ADSL central office 40. ADSL transceiver 42 receives 
the upstream data signal from ADSL transceiver 34. 
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ADSL transceiver 34 shifts or modifies the upstream 
ADSL signal up to a higher frequency band than that 
used by an ISDN network. The modified upstream 
ADSL signal can be transmitted along twisted pair 18 
simultaneously with the ISDN signal. An ADSL receiver 
of ADSL transceiver 42 of the central office 40 band 
pass filters the ISDN signal and returns the modified 
upstream ADSL signal back to its original spectral band 
where it is converted to digital output data for use by a 
DSP. The downstream ADSL from ADSL central office 
40 is modified so that it does not use the frequency 
band occupied by the ISDN signal. This modification is 
accomplished by changing the cut off frequency of the 
high pass filter of the downstream transmitter of ADSL 
transceiver 42 and of the high pass filter of the down- 
stream receiver of ADSL transceiver 34. 

FIG. 2 illustrates a signal-to-noise ratio (SNR) table 
in accordance with the present invention. The BITS col- 
umn represents the number of bits that are allocated to 
a bin. In the embodiment illustrated in FIG. 2. only 2 bits 
through 15 bits can be allocated to a bin. The SNR REF 
column contains the signal-to-noise reference value, 
which represents a predetermined signal-to-noise value 
associated with each number of bits. The SNR REF val- 
ues of FIG. 2 are used later in the discussion of FIGs. 3 
- 7. 

FIG. 3 and FIG. 4 represent, in flow diagram form, a 
method 300. The method 300 comprises oval transition 
blocks 301 through 303. rectangular step blocks 310 
through 327. diamond shaped decision blocks 350 
through 353. and circular change of flow blocks 370 
through 373. In addition, the reference V refers to one 
of a plurality of bins, while the nomenclature "bf refers 
ences the number of bits allocated to a specific bin i. 

In accordance with one embodiment of the inven- 
tion, the method 300 begins at step 301. Next, at step 
310. a bit pool size is defined, and all b, values are set 
equal to 0. The bit pool size initially contains the number 
of data bits which need to be sent in a given ADSL 
frame, and represents the number of bits that need to 
be allocated to the plurality of bins. The bit pool value 
will change, as the method 300 progresses. Setting all 
b, values equal to 0 indicates that no bits have been allo- 
cated to any bin. and that a new frame is being con- 
structed. Next, at step 311 a maximum and minimum 
number of bits which can be transmitted from any bin in 
a given frame is defined. For example, it may be desira- 
ble to limit the number of bits a given bin can send to 
eight. Likewise, it may be desirable to limit the minimum 
number of bits which a bin can send. For example, the 
ADSL standard does not allow a bin to send only one 
bit. nor more than 1 5. 

Next at step 326 the initial SNR s. (ISNR) for the 
bins which were previously calculated during initializa- 
tion are adjusted. If a bin is not to be used, the ISNR for 
that bin can be set to zero. If a bin is to be used, but not 
to its full capacity, the ISNR should be limited to a pre- 
determined value. This allows the system to prohibit or 
limit transmissions at frequencies that may be simulta- 
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neously used by some other system. 

At step 327 the SNR REF table is defined. The 
SNR REF for a given number of bits is the required SNR 
value which achieves a desired bit error rate, where the 
bit error rate is a measure of system performance. Ini- 
tially, there is a base table that is specific to a selected 
BER, such as described in FIGURE 2. In a system such 
as ADSL, error correction coding can be used to 
increase system performance. The increase in perform- 
ance can be characterized by a coding gain. If error cor- 
rection coding is used, a coding gain table can be 
subtracted from the base table, generating the SNR REF 
table to be used during allocation. Raising the values of 
the table allows for an allocation with extra margin to 
counteract transmission channel degradation. 

Next, at a step 312, a projected SNR margin is cal- 
culated. In one embodiment of the invention the pro- 
jected SNR margin is calculated by taking the initial 
SNR for each bin and subtracting off the signal-to-noise 
reference value, SNR REF for a projected number of bits. 

If a bin already has N bits allocated, and the pro- 
jected number of bits is N+P. the SNR REF value to be 
used is the one for N+P bits. In this embodiment, the 
minimum number of bits that a bin can contain is 2. 
Therefore, before any bits are allocated, the projected 
margin is based on having 2 bits allocated. The pro- 
jected margin would be a bin's initial SNR. (ISNR) minus 
the SNR REF value for 2 bits. If using the table in FIG- 
URE 2. the resulting projected margin would be ISNR - 
14. If a bin currently has a total of 6 bits allocated to it. 
the next projected number of allocated bits would be 7 
bits, for a projection increase of 1 . Therefore, a bin hav- 
ing 6 bits currently allocated would have a projected sig- 
nal-to-noise margin of ISNRi - 30. The initial SNR for 
each individual bin is assumed to have been previously 
determined. Next, at step 314. the bin with the largest 
projected signal-to-noise margin that contains fewer 
than the maximum number of bits allowed is identified. 
This is the best bin in this embodiment. 

Choosing the bin with the largest projected margin 
allows for optimal bit error rate and system perform- 
ance. For example, if a first bin had a projected margin 
of 30, a second bin had a projected signal-to-noise mar- 
gin of 5. the first bin would be chosen because its pro- 
jected signal-to-noise margin value, after it is allocated 
more data, will allow for the lowest overall system bit 
error rate. If a given bin has 15 bits allocated, where 15 
is the maximum number of bits allowed, no more bits 
can be allocated, and that bin will not be chosen regard- 
less of its projected margin. As discussed above, it is 
understood that a maximum value besides 15 could be 
chosen, and that other criteria could be input by the 
user to limit selection of a bin. 

Next, at step 350. a determination is made whether 
the number of bits allocated to the selected bin is equal 
to 0. If the number of allocated bits is not equal to 0. indi- 
cating that bits are already allocated to the bin, the 
method 300 proceeds to step 31 5. If this is the first time 
bits have been allocated to this bin. method 300 pro- 



ceeds to step 351 . At step 351. a determination is made 
whether some allocation dependent overhead bits are 
required, such as required by a trellis encoder. If no 
overhead bits are needed, flow proceeds to step 31 7. In 
5 the event overhead bits are required, flow proceeds to 
step 318. 

At step 318, the bit pool is decremented. This dec- 
rementing of the bit pool represents the fact that the bit 
pool is effectively decremented by two because two bits 
to have been allocated to this bin. and the bit pool was also 
incremented by one to indicate an overhead bit added 
. which is required by the trellis encoder. It is understood 
that different values may be added to the bit pool. The 
combination of the decrementing by two and increment- 

75 ing by one gives step 318 which is a single decrement 
to the bit pool for this embodiment. At step 317, the bit 
pool is decremented by two, which reflects that the fact 
that a total of two bits have been allocated to the 
selected bin. Row from steps 317 and 318 continue at 

20 step 319. 

At step 319. the bits are allocated by setting the 
number of bits allocated to the bin equal to 2. Next, at 
change of flow step 370, a flow is indicated to change to 
the top of the second portion flow 300 on FIG. 4. Next. 

25 at change of direction flow A 372, flow continues at step 
320. 

At step 320, the projected margin is recalculated for 
the selected bin. For example, if the best bin received 
data for the flat time and now contains two allocated 
30 bits, the new projected margin would be the initial SNR 
of the selected bin less the SNR REF for its next possible 
allocation value of bits, in this case 3 bits, as determined 
from the table of FIG. 2. Next, at step 352. a determina- 
tion is made whether or not the bit pool is greater than 
35 o. In the event that the bit pool is greater than 0 flow 
continues at step 325. 

At step 325, any needed adjustments are made 
pertaining to changes in desired data rate, additional 
overhead bits, or changes in allocation criterion. 

Row continues at step 314 (FIG. 3) where a portion 
of the method 300 will be repeated until the bit pool is 
less than or equal to 0. In another embodiment, the step 
325 could be performed only initially following step 311. 
If the bit pool is not greater than 0, flow continues at step 
353. 

At step 353 a determination is made whether or not 
the bit pool is equal to 0. If the bit pool is equal to 0. flow 
proceeds to step 302 and the method 300 ends. In the 
event the bit pool is not equal to 0, (i.e.. the bit pool is 
less than 0). flow continues at step 321. For example, if 
upon returning to step 314 there were a single bit 
remaining to be allocated, and a bin were chosen which 
had no previously allocated bits, that bin would have to 
be allocated a total of two bits, even though only one bit 
remains Therefore, it is possible to have a bit pool value 
of less than 0. At step 321 , the current margin for all bins 
is calculated. The current margin tor each bin. as 
opp° secl t° tne projected margin, is the initial signal-to- 
noise less the signal -to-notse reference for the bits allo- 
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cated to each bin from the table of FIG. 2. Next at step 
322 the bin with the smallest current margin is selected 
that also has more than two bits allocated to it. Next at 
step 323. one bit is de-allocated from this bin. For exam- 
ple, if a bin has four bits allocated to it and has the 5 
smallest current margin its number of allocated bits 
would be reduced from four to three. Next at a step 324, 
any final adjustments are made. One situation where a 
final adjustment would need to be made would be in the 
event a bit needs to be de-allocated, but all the bins con- 10 
tain exactly two bits. In this situation, no single bit can be 
de-allocated from any bin. Therefore, it would be neces- 
sary to combine two bins together so that it had a total 
allocated bit number of 4 from which a single bit could 
be de-ailocated. Other type of anomalies may occur and is 
would be taken care of in step 324. Next at step 303 the 
method 300 ends. 

FIG, 5 represents, in flow diagram form, a method 
500. The method 500 comprises oval transition blocks 
501 and 502, and rectangular step blocks 510 through 20 
512. 

In FIG. 5, flow 500 provides a modification to the 
flow 300 in accordance with the present invention. At 
step 501 the flow 500 starts. Next, at step 510. the bin 
with the next largest projected margin is determined. 25 
This is the next best bin. Next, at step 51 1 . the amount 
of data that the best bin can be allocated is determined. 
The best bin will be allocated enough data so that it will 
have a new projected margin worse than that of the next 
best bin. This can be determined by subtracting the pro- 30 
jected margin of the next best bin from the - projected 
margin of the best bin to get a projected margin differ- 
ence. Based on the projected margin difference, the 
number of bits that can be allocated to the best bin can 
be determined by the table in FIG. 2. For example. 3s 
assuming the best bin and next best bin are empty, if the 
best bin has a projected margin of 40. and the next best 
bin has a projected margin of 15. the projected differ- 
ence is 25. Referring to the table in FIG. 2. six bits would 
be chosen to be allocated to the best bin. Six bits are 40 
chosen because that is the smallest number of bits with 
a signal-to-noise reference greater than or equal to the 
projected difference. If the best bin has bits already allo- 
cated, the six bits would represent the total number of 
bits that the bin should have allocated. The flow 500 45 
could be inserted between steps 314 and 350 of FIG. 3. 
and would eliminate the need for the allocation steps of 
FIG. 3. 

FIG. 6 represents, in flow diagram form, a method 
600. The method 600 comprises oval transition blocks so 
601 and 602. rectangular step blocks 610 through 617, 
and diamond shaped decision block 650. This flow 
describes the method of determining if an allocation 
adaptation is necessary, and if so. what adaptation 
should occur. 55 

At step 601 the flow 600 starts, and assumes a 
frame with bits already allocated has been identified. 
Next, at step 610. a threshold is defined. The threshold 
is used to determine if an adaptation should occur. Next. 



at step 61 7, the projected signal-to-noise margin is cal- 
culated in a similar manner to that of step 312 (FIG. 3). 
Next, at step 61 1. the current signal-to-noise margin is 
calculated in a similar manner to step 321 (FIG. 3). 
Next, at step 612, the N best bins are selected. N is an 
integer value and is user defined. In one embodiment of 
the present invention, the N best bins are those bins 
having the largest projected signal -to-noise margin. 
Next, at step 613. the M worst bins are selected. M is an 
integer value and is user defined. The M worst bins are 
those bins having the smallest current signal-to-noise 
margin. Next, at step 614, the signal-to-noise difference 
between the best of the N best bins and the worst of the 
M worst bins is calculated. Next, at step 650. a determi- 
nation is made whether the signal-to-noise difference is 
greater than the margin threshold. If yes. flow proceeds 
to step 615; if no. flow ends by proceeding to step 602. 
At step 615, data is swapped from the M worst bins to 
the N best bins making sure not to violate a minimum or 
maximum bit value. In one embodiment a single bit 
would be swapped. Next, at step 616. the projected and 
current SNRs are recalculated. A portion of the flow 600 
repeats by returning to step 612. 

FIG. 7 illustrates, in flow diagram form, a method 
700 for providing fine gains adjustment in accordance 
with an embodiment of the present invention. Method 
700 includes rectangular boxes having reference num- 
bers 710 - 718 and 719 - 722 representing steps for per- 
forming the fine gains adjustment, and a diamond 
shaped box having reference number 750 representing 
a decision step of method 700. 

At step 710. a maximum gain is defined by a user of 
communications system 30. The maximum gain is 
defined as a maximum amount that the gain of a bin can 
be adjusted. For example. ANSI T1E1.4 requires that 
the maximum gain not be greater than approximately 
1 .5 decibels (dB). At step 71 1 . a margin is calculated for 
each bin that has at least one bit allocated to it. This 
margin is determined by subtracting the reference sig- 
nal-to-noise ratio value (SNR 0EF ) for each bin, as iden- 
tified in the table of FIG. 2. from the initial signal-to- 
noise ratio (SNR) value for that bin. At step 712, the 
available bin with the largest margin is identified. A bin 
is available if the gain of the bin has been adjusted down 
by less than the maximum gain defined in step 710. At 
step 713. the available bin with the smallest margin is 
selected. As discussed above, a bin would be unavaila- 
ble for selection if it had already been gained up by the 
maximum gain defined at step 710. 

At step 714 an average of the maximum margin and 
the minimum margin is calculated. For example if the 
maximum margin is 8 dB and the minimum margin is 4 
dB. the average would be 6 dB. Next at step 715. an 
intermediate gain is calculated. The intermediate gain is 
determined in the illustrated embodiment by subtracting 
the minimum margin from the average calculated in step 

714. 

At step 716. a minimum tweak value is determined 
by subtracting the gain of the bin with the minimum mar- 
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gin from the maximum gain defined in step 710. The 
minimum tweak value is the amount in which the gain of 
the bin with the minimum margin can be adjusted up. 
Next, at step 717. the maximum tweak value is defined 
as the maximum gain defined at step 710. plus the gain 
of the bin having the maximum margin. The maximum 
tweak is the amount in which the gain of the bin with the 
maximum margin can be adjusted down. 

Next, at step 718. an adjustment gain (ADJ) is 
determined by taking the smallest of the intermediate 
gain calculated at step 71 5. the minimum tweak deter- 
mined at step 716, or the maximum tweak from step 
71 7. This assures that the gain of each of the bins is not 
adjusted beyond the maximum gain from step 710. 
Also, when gain is added to a bin. a corresponding 
amount of gain is subtracted from another bin, thus 
ensuring that the aggregate transmit power levels do 
not substantially change. 

At decision step 750, a determination is made 
whether or not the adjustment gain is below a predeter- 
mined threshold. The threshold is a predetermined 
value below which no further fine gains adjustments are 
needed. If the adjustment value is less than the thresh- 
old, the YES path is taken to END step 702. If the 
adjustment value is not less than the threshold, the NO 
path is taken to step 719. In an ideal system, the thresh- 
old may be equal to zero. 

At step 719, the gain corresponding to the maxi- 
mum margin is decreased by the adjustment value. At 
step 720, the gain corresponding to the minimum mar- 
gin is increased by the adjustment value. At step 721. 
the maximum margin is decreased by the adjustment 
value. At step 722, the minimum margin is increased by 
the adjustment value. From step 722. the flow diagram 
returns to step 712. and steps 712 - 722 are repeated 
until the adjustment gain is less than the threshold. 
Because the gain of one bin is not adjusted up without 
another the gain of another bin being adjusted down by 
a corresponding amount, an aggregate change in mar- 
gin for all of the bins is substantially zero. 

The previous methods may also be characterized 

by: 

defining an initial signal-to-noise value for each of 
the plurality of bins (326); 

defining a reference signal-to-noise value, wherein 
the reference signal-to-noise value is an amount of 
signal-to-noise needed to allocate a given amount 
of data at a given bit error rate (327); 
defining a pool having an at least one bit of unallo- 
cated data (310); 

calculating a projected signal-to-noise margin for 
each of the plurality of bins based on the initial sig- 
nal-to-noise value and the reference signal-to-noise 
value (312); 

selecting a best bin from the plurality of bins based 
on the projected signal-to-noise margin, wherein 
the best bin has a largest projected signal -to-noise 
margin (314); 



allocating a portion of the pool to the best bin (315, 
319); 

decrementing the pool based on the portion (316. 
317); and 

5 repeating the steps of calculating, selecting, allo- 

cating, and decrementing until the pool has no 
more at least one bit of unallocated data. 

Another way of characterizing previous methods 
w includes 

defining an initial signal-to-noise value for each of 
the plurality of bins (326); 
defining a reference signal-to-noise value (327); 
is calculating a projected signal-tQ-noise margin for 
each of the plurality of bins based on the initial sig- 
nal-to-noise value and the reference signal-to-noise 
value (312); 

selecting a best bin and a next best bin from the 
20 plurality of bins based on the projected signal-to- 
noise margin (510); 

determining a minimum amount of data to allocate 
to the best bin. wherein the minimum amount of 
data causes the best bin to have a new projected 
25 signal-to-noise margin worse than that of the next 
best bin (511); and 

allocating the minimum amount of data to the best 
bin (512). 

30 Yet another characterization of the previous method 
includes: 

defining a margin threshold (610); 
defining an initial signal-to-noise value for each of 
35 the plurality of bins; 

defining a reference signal-to-noise value for each 
possible amount of data; 

calculating a current signal-to-noise margin for an 
each of the plurality of bins based on the initial sig- 

40 nal -to-noise value and the reference signal-to-noise 
value for each of the plurality of bins; 
calculating a projected signal -to- noise margin for 
each of the plurality of bins based on the initial sig- 
nal-to-noise value and the reference signal-to-noise 

45 value (61 7); 

selecting N best bins from the plurality of bins 
based on the projected signal-to-noise margin, 
wherein the N best bins have a best bin having a 
best projected signal-to-noise margin (612); 

so selecting M worst bins from the plurality of bins 

based on the current signal-to-noise margin, 
wherein the M worst bins have a worst bin having a 
worst current signal-to-noise margin (613); 
calculating a signal -to- noise difference based on 

55 the best bin and the worst bin (614); 

swapping a portion of data from the M worst bins to 
the N best bins if a threshold value is greater than 
the margin threshold, wherein the step of swapping 
creates modified bins; 
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recalculating the projected signal-to-noise margin 
and the current signal-to-noise margin for the mod- 
ified bins (615); and 

repeating the steps of selecting N, selecting M, cal- 
culating, swapping, and recalculating while the 
threshold value is greater than the margin thresh- 
old. 

While the invention has been described in the con- 
text of a preferred embodiment, it will be apparent to 
those skilled in the art that the present invention may be 
modified in numerous ways and may assume many 
embodiments other than that specifically set out and 
described above. For example, the present invention is 
implemented in software. However, in other embodi- 
ments, the invention may be implemented in hardware, 
software, or a combination of hardware and software. 
Accordingly, it is intended by the appended claims to 
cover all modifications of the invention which fall within 
the true spirit and scope of the invention. 

Claims 

1 . A method of allocating data in a data communica- 
tion system (30) having a plurality of bins for send- 
ing data, the data communication system 
comprising: 

defining an initial signal-to-noise value for each 
of the plurality of bins (326); 
defining a reference signal-to-noise value(327); 
calculating a projected signal-to-noise margin 
for each of the plurality of bins based on the ini- 
tial signal-to-noise value and the reference sig- 
nal-to-noise value (312); 
selecting a best bin from the plurality of bins 
based on the projected signal-to-noise margin 
(314); and 

allocating a portion of the data to the best bin 
(315, 319). 

2. The method of claim 1 . wherein the step of calculat- 
ing a projected signal-to-noise margin is deter- 
mined by subtracting the reference signal-to-noise 
value from the initial signal-to-noise value (312). 

3. The method of claim 2. wherein the reference sig- 
nal-to-noise value is an amount of signal-to-noise 
needed for an allocated amount of data at a given 
bit error rate. 

4. The method of claim 1 further comprising the steps 
of: 

recalculating the projected signal-to-noise mar- 
gin for the best bin (320); and 
repeating the steps of. selecting (314). allocat- 
ing (315. 319). and recalculating (320). 



5. The method of claim 4. wherein: 

the data comprises a bit pool having at least 

one bit of data (310); and 

the step of allocating bits includes allocating at 

least one bit of the bit pool to the best bin (315. 

319). 



6. 



is 



The method of claim 5. further comprising the step 
of: 

removing at least one bit from the bit pool (3 1 6, 
317). 

The method of claim 6, further comprising the step 

of: 

removing at least one bit from the bit pool dur- 
ing a transmission. 

The method of claim 5. further comprising the step 
of: 

adding at least one bit to the bit pool. 

The method of claim 8, further comprising the step 
of: 

adding the at least one bit to the bit pool during 
a transmission. 



10. 



The method of claim 1 . 
of: 



further comprising the step 



35 



40 



calculating new reference signal-to-noise val- 
ues. 



50 
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(54) Method for allocating data in a data communication system 



(57) A communications system (30) includes a 
transceiver (42) for transmitting data from a plurality of 
bins. Specif ically. the BER of the bins is substantially 
equalized by allocating data by determining a projected 
margin. The projected margin is calculated for each bin 
by subtracting a reference signal-to-noise value from an 
estimated bin signal-to-noise value. The reference sig- 



nal-to-noise value is predetermined by theoretical cal- 
culation or empirical data and stored in a look-up table 
Bits are allocated to the bin having the maximum pro- 
jected margin. This provides the best BER without 
changing the transmit power. 
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